Marine Models

Michael Buchanan
Science and Operations Officer
National Weather Service
Corpus Christi, Texas




NOAA’s WaveWatch Ill (WW3)
Simulating WAves Nearshore (SWAN)

Nearshore Wave Prediction System (NWPS)
e Includes WW3 and SWAN

TAMUCC-CBI’s Artificial Neural Network (ANN)

NOS’s Northern Gulf of Mexico Operational Forecast System (NGOFS)
Global Real Time Ocean Forecast System (RTOFS)

Extratropical Surge and Tide Operational Forecast System (ESTOFS)
MDL’s ExtraTropical Storm Surge Model (ETSS or ET-SURGE)

MDL’s Sea Lake and Overland Surges from Hurricane (SLOSH)



WaveWatch Il|

NOAA’s 3rd generation wave model.
Runs 4 times a day.
Output through 180 hours for every 3 hours.
3 different resolutions:
e 1/2° or 30 arc-minutes

e 1/6° or 10 arc-minutes
e 1/15° or 4 arc-minutes

Uses GFS Winds.

Western North Atlantic (WNA) regional domain.
» Boundary conditions from the Global WW3.
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WW3 Variants

HURricane Wave Model (HURWave)
e Blend of GFS & HWRF winds.

Global Ensemble Ocean Wave Forecast System (GEOWaFS)

e 1 control member (GFS winds) and 20 perturbed members
from the GEFS.

Combined NCEP/FNMOC Wave ENSembles (NFCENS)
» GEOWaF$S and Navy Wave Ensembles.

Nearshore WaveWatch (NWW) is not yet operational.



Global Wave Ensemble based on GEFS

MCEP Global Wave Ensemble Run 2016/03/03 6Z: 120h Forecast
Ensemble Hs Mean, Wave Directions and Wind Barbs 2016/03/08 067

05 10 15 20 30 40 50 60 70 B0 90 100110120 13014.0150

Wave Height (contours, shaded, m)




NCEP/FNMOC Wave Ensemble

2016,/03,/03 20z, 114 fest hr

Ensemtle Mean (contour, m) & Spread of Hs




Simulating WAves Nearshore (SWAN

CAVE GFE WeatherElement Populate Grids Edit stency Products Maps Edit Areas Verify Hazards Help

3d generation wave EiE

| Bl GFe| M D20

ger

model developed in
the Netherlands.

Geared towards the
“nearshore”.

WaveHeight SFC nwpsCGl_2200 {CRP) (ft) 3h Tue 21Z 23-Feb-16

IsCxmt: n Time: |19:09Z 22-Feb-16/ 1006M of 1832M [



Nearshore Wave Prediction System (NWPS)

Uses the SWAN model as its core.

Local and NCEP runs at:
» 0040, 0340, 0940, 1240, 1540, 2140Z

Uses our winds from GFE.
* NWPSwind element

30-40 minutes to run model and post-process.

High-resolution (-1 arcmin) wave guidance:
« Significant Wave Height
* Primary Wave Period
* Primary Wave Direction
» Swell Height
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[ IT SFC Fest (CRP)

[ ITd SFC Fcst (CRP)
[ MaxT SFC Fcst (CRP) )
E]MinT SFC Fcst (CRP)

E]RH SFC Fcst (CRP)

[ IHeatIndex SFC Fcst (CRP)

[ IWaveHeight SFC Fcst (CRP)

[ IWind SFC Fcst (CRP)

[ IWindGust SFC Fcst (CRP)

[ IWind2eft SFC Fcst (CRP)

[ IWindChill SFC Fcst (CRP)

[ wx SFC Fest (CRP)

[ JPoP SFC Fecst (CRP)

[ Jsky SFC Fecst (CRP)

[ JOPF SFC Fest (CRP)




Run_NWPS GFE Procedure

How Long Do You Want To Bun NWPS:
102

Model Start Time: Local, NCEP, or BothN\yModel Core:— -Send Output to Web: -Plot Output Only (Mo Web)#-Boundary Conditions:
) 20151014 1204 @ SWAN @ Yes ) Yes @ WHNAWave
() 20151014 1804 ) NWW ) No @ No () TAFB-NWPS

) 20151015_000{ ) UNSWAN ) HURWave
) 20151015_060! ) No
@ 20151015 120!

© 20151015 _180{

**Boundary Conditions> U - * CHECK www.srh.noaa.gov/rtimages/nhc/wfo_boundary conditions for up to date files for your SITE**
MNOTE: make sure there | jle time stamp online matching your sele '

If PSURGE
@ ESTOFS | % Exceedance Hgt

O psurce | @ 10
N O 20

) No
() 30
) 40
() 50

| | Cancel




NWPSwind
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NWPS NCEP runs

ttp://www.nco.ncep.noaa.g

Operational on WCOSS
since 2/9/16.

Ability to process NCEP
runs in 16.2.1

* ~May

Ability for backup WFOs
to process NCEP runs in
16.2.2.

o ~Summer

Local forecast by

“City, St"
Search NCEP

NCEP Quarterly
Hewsletter

Current Hazards
Watches/\Warnings
Outlooks
MNational

Current Conditions
Observations
Satellite Images
Radar Imagery
Lakes & Rivers
Space Weather

Unified Surface

|Analysis

Horthern

Hemisphere
Surface
Analysis

Product Loops

Environmental Models

Product Info

Current Status

Model Analyses

& Guidance

Forecasts

Current

6 to 10 Day

Aviation

Hurricane

Marine
Tropical Marine

Fire Weather

Forecast Maps

Climate

Climate Prediction

Climate Archives

Weather Safety

Storm Ready

NOAA

Central Library

Photo Library

Public Affairs

Employment

Education

ov/pmb/spa/nwps/

National Weather Ser\rl

NCEP Central Operatlc

Home News Organization
DOC NOAA NWS | NCEP Centers: AWC CPC EMC NCO NHC OPC SPC SWPC WPC

Nearshore Wave Prediction System
WFO Status

Quick Find:

Clear All Fitters

Start End = Job Run
wrom{ St | e [ megnn | st | g | i |

ACTIVE POST_CG1 click

2027
1951
1258
2117
2003
1921
1811
1811
1804
2102
0712
1942
1846
1725
1831
2016
1736
1904

0555

1701
1751



If the WCOSS run fails...

Nearshore Wave Prediction System
WFO Status

Quick Find:

Clear Al Filters

Start End - - Run
N A ) e

ABORTED :
1859 S ACTIVE FORECAST_CG1 click
1819 : ACTIVE FORECAST_CGN  click
1806 ACTIVE FORECAST _CGN click
1852 ACTIVE POST_CG1 click
1904 ACTIVE POST_CG1 click
1211 S ACTIVE POST_CGN click
1812 ; ACTIVE POST_CGN click
1754 1844 DONE click
om7 0241 DONE click
0721 0754 DONE click
1258 1402 DONE click
1751 1836 DONE click
1544 1621 DONE click
1402 1508 DONE click
07 0210 DONE click
1831 1911 DONE click
0732 0828 DONE click
0746 0921 DONE click
1756 1908 DONE click
0647 0823 5 DONE click
1741 1906 3 DONE click




5 > weather.gov
National Weather Service Weather Foreca

Corpus Christi, TX

<

Home Site Map News Organization Search for: [N © Nws @ AnnNoAA B3
Top News of the Day

¥ 2016 Skywarn Storm Spotter Training Schedule

¥ Texas A&M Corpus Christi will begin a Bachelor of Science program in Atmospheric
Science in the Fall of 2016

Local forecast by

"City, St" or Zip Code

e
XM rss Feeds TOday

Current Hazards Very Warm Conditions Impacts:

Local

Nationwide 2 A

Outlooks : _ DG s

Drought : :

Forecasts , ED ey '

Local
Forecast Discussion 3. f . A o Partly cloudy skies
Activity Planner
Graphical 5 Cold front moves
Tropical Weather 2 & ' »- . through with northerly
Fire Weather : winds this afternoon
Aviation Weather
Marine Weather

Tide Data Issued at 5:51 AM - March 3, 2016
Quick Forecast
Hurricane Center Show Caption

Storm Surge Threat
NWPS




NWPS Ocean Depth (ft) -
Hour 36 (06Z19FEB2016) &
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Peak Period [s]

Wind Speed [kts]
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NWPS RUN 18217FE82016
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Gerling—Hanson Plot for 42019 (—-95.353°,27.913°)

NWPS RUN: 12Z020CT2013

NWPSystem

Tropical Storm Karen
October 2013

Time Karen
Entered Gulf

WAVE
PARTITION

1
2
3

/ A ~ S e [~
Max.Wave Height
5.5[ft]
10/3 10/4 10/5 1.7[m]
\ WindSource
T forecastwindgrid:

~30 Hoﬁurs

Max. Wind Speed
13.8[Kn]

7.10m /5]

10/3

10/ 4
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Estimating Tropical Cyclone Swell Arrival Time with NWPS

Period of deep water waves: - Deep Water Wave
» 11 seconds equation:

» Speed = 1.56 * Period

—_— %
* Speed = 1.56 * 11
Measure the distance between two points on the ground ° Speed — 1 7 ktS

Time = Distance/Speed
Ground Length: 861,48

Heading: 303.97 degrees ® Time = 662 nm/17 ktS
 Arrival Time = ~ 39 hours

Mouse Mavigation




Volume Browser
File Edit Tools Plan view Time

Sources Fields

File Edit Tools Plan view Time

Sources Fields Planes

|"|.I’G|UFI'IE| ~ SfcGrid ~ Hgt/Pres ~ Temp ~ Moist -~ Stabilty ~ Forcing ~ Wind ~ WVort -~ Pres -~ Theta -~ Hgt -~

Local ~ Point -~ Isent ~ Precip ~ Winter ~ T-Storms -~ Radar ~ Ensemble - Misc -~ Temp ~ Radar ~ Misc -~

Swell Hgt
Prim Wavwve Dir
Prim Wave Pd

Preduct Selection List
14.1800 nwpsCG1 Surface Sig Wave Hgt (ft)
14.1800 nwpsCG1 Surface Swell Hgt (ft)
14.1800 nwpsCGL Surface Prim Wave Dir ()
14.1800 nwpsCG1 Surface Prim Wave Pd (s)

u$l
Products: 4 Selected for loading: 4

Ice Conc

Icing Pot
Icing Probability
Icing Potential

Icing Severity




NWPS Swell H

10

*

n

0.0471L

sCG

G1/Surface Primary Wave Period (s)
mppsCG1 Surface Swell Height (ft)

nwpsCGl Surface Current Speed {cm/sec)
mwpsCG1 Surface Deviation of sea level from mean {m)

mwpsCiyl

mwvpsCGl

&

mypsCG1 Surface Current Direction ()
e Total Significant Wave Height (ft)
psCG1 Surface Swell Height Img (ft)

psCE1 Surface Primary Wave Period Img (s)

rfa

Total Significant Wave Height Img (ft)

03.00
03.00
03.00
03.00
03.00
03.00
03.00
03.00
03.00

R. Mon 06:007 07-Mar-16
102HR Mon 06:007 07-Mar-16
102HR Mon 06:007 07 -Mar-16
102HR Mon 06:00Z7 07-Mar-16
102HR Mon 06:007 07-Mar-16
102HR Mon 06:007 07-Mar-16
102HR Mon 06:007 07 -Mar-16
102HR Mon 06:00Z 07-Mar-16
102HR Mon 06:007 07-Mar-16
102HR Mon 06:007 07-Mar-16



CAVE GFE WeatherElement Populate Grids Edit Consistency Products Maps Edit Areas Verify Hazards Help
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DHaveHeight SFC nprCGl 3339

[lPeriod SFC nwpsCG1:

NG

.04

0.00
+

'n'a'av:"‘é‘ﬁelght SFC nwpsCGl 0308 (CRP) (ft) 3h Mon 86Z 07-War-16
Period SFC nwpsCGl 0308 (CRP) (sec) 3h Mon 062 07-Mar-16
SwanSwell SFC nwpsCGl @308 (CRP) (ft) 3h Mon @6Z ©7-Har-16

Iscxmt: [@] Time: [18:39Z 03-Mar-16/ || 1060M of 1936M [ o | 1



Volume Browser
File Edit Tools Plan view Time

Sources Fields Planes

Volume - SfeGrid ~ Hgt/Pres ~ Temp ~ Moist - Stability ~ Forcing ~ Wind ~ Vort - Pres ~ Theta ~ Hgt -~

Local - Point - Isent ~ Precip - Winter -~ T-Storms - Radar -~ Ensemble ~ Misc -~ Temp =~ Radar ~ Misc ~

[ B rimbdmm |

File Edit Tools Plan view Time

Sources Fields Planes

Volume ~ SfcGrid ~ Hgt/Pres ~ Temp ~ Moist ~ Stability ~ Forcing -~ Wind ~ Vort Theta ~ Hgt -~

Local ~ Point ~ Isent ~ Precip -~ Winter ~ T-Storms ~ Radar -~ Ensemble ~ Misc Radar ~ Misc

nwpsTrkngCGO

Preduct Selection List
13.1200 nwpsTrkngCGO Surface Periodl (s)
13.1200 nwpsTrkngCGO Surface Period2 (s)
13.1200 nwpsTrkngCGO Surface Wavel (ft)
13.1200 nwpsTrkngCGO Surface Wave2 (ft)

Products: 4 Selected for loading: 4

B ——— . — —_———

Icing Potential LFSTMS O Wavel0
Icing Severity @ swell Hgt




| 2 S

mwpsTrkngC G0 Surface Wave? (ft)
nwpsTrkngCG0 Surface Wavel (ft)
mwps TrkngC G0 Surface Period?2 Img (s)

mwps TrkngC G0 Surface Wave2 Img (ft)
mwpsTrkngC G0 Surface Periodl Img (s)
* mwpsTrkngC G0 Surface Wavel Img (ft)

02.18
02.18
02.18
02.18
02.18
02.18
02.18
02.18

14HR Thu 08:007 03-Mar-16
14HR Thu 08:007 03-Mar-16
14HR Thu 08:007 03-Mar-16
14HR Thu 08:007 03-Mar-16
14HR Thu 08:007 03-Mar-16
14HR Thu 08:007 03-Mar-16
14HR Thu 08:007 03-Mar-16
14HR Thu 08:007 03-Mar-16



] To

T

i

= O =

----Tonight- - --Tomorrow----4

Mar 83 (Thu)

12 18

[ IPeriodl SFC
[ lPeriod2 SFC
[ IPeriod3 SFC
RNperiod4 SFC
[ IPeriod5 SFC
[ IWavel SFC
[ IWavez SFC
[ IWave3 SFC
[ lwave4 SFC

[ Iwave5 SFC

Mars®d (Fri)
06 18

2

nwpsTrkthGB 0300 (

hwpsTRRAGCGO_0300
nwpsTrkﬂgEﬁq_Q§99 .....

gCGB 0300 (

+ o

L]

L ]

+

Ll =]

+ =

+ =

+ =

3

+ =

=

+ =

L=

Ll =]

+ =

o

+ =

L]

+ o
+ o

L]

+ o + =
+ =
o
fE [y P + o

o

+ =

Q
+

Periodl
Feriod2
Period3
Period4
Period5
Wavel
Wave2
Wave3
Waved
Waveb

+ o

SFC
SFC
SFC
SFC
SFC
SFC
SFC
SFC
SFC
SFC

FaldZ255
+

*
5

5

+

+ in

+ N

+ LN

nwpsTrkngCGo 0300
nwpsTrkngCGo 0300
nwpsTrkngCGe 0300
nwpsTrkngCGe 0300
nwpsTrkngCGo_0300
nwpsTrkngCGe 0300
nwpsTrkngCGo_0300
nwpsTrkngCGe 0300
nwpsTrkngCGo_0300
nwpsTrkngCGe 0300

5

+

0322?5

GtﬂIQ?U 5
+

L |

+ L

{CRP)
(CRP)
{CRP)
{CRP)
{CRP)
{CRP)
{CRP)
{CRP)
{CRP)
{CRP)

+in

+ =

(sec)
{sec)
(sec)
{sec)
(sec)
(ft)
(ft)
(ft)
(ft)
(ft)

+ N

+ M

+ =

+ (N

+ N

+ N

+in

Fri
Fri
Fri
Fri
Fri
Fri
Fri
Fri
Fri
Fri

09z
09z
09z
09z
09z
09z
09z
09z
09z
09z

04-Mar-16
04-Mar-16
04-Mar-16
04-Mar-16
04-Mar-16
04-Mar-16
04-Mar-16
04-Mar-16
04-Mar-16
04-Mar-16




TAMUCC-CBI’s Artificial Neural Network
Water Level Forecasts (ANN)

One of the “more accurate” water level forecasts.

Uses NAM winds.

Tidal/Water levels in the Coastal Bend are forced
mostly by wind.

 Small astronomical influence
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National Ocean Service’s
Northern Gulf of Mexico Operational Forecast System (NGOFS)

Finite Volume Coastal Ocean Model (FVCOM)

Uses NAM winds.

Inputs from RTOFS, ETSS, ADCIRC, USGS, and CO-OPS.
Runs 4 times a day.

Produces 0-48 hour forecasts of:
» Water Levels

» Currents

» Water Temperature

» Salinity



NGOFS Water Level Forecast

MNOAA /National Oceon Service Observation:

Marthern Gulf of Mexica Mowcost:

Forecast Guidance:
Cperatianal Forecast System [(NGOFS) Tidal Prediction:

Corpus Christi, TH Water Levels

21:00
03,701

Time [CST) 2016




NGOFS Currents Forecast

Current
Knots

Valid ot 0900 (CST




Global Real Time Ocean Forecast System (RTOFS)

Based upon a global Hybrid Coordinates Ocean Model
(HYCOM) at 1/12°resolution.

Runs once a day.

2-day nowcasts.

6-day forecasts.

Outputs variables such as:
e Currents (Used by NWPS)
* Water Temperature
 Salinity
» Sea Surface Height
* |Ice Thickness/Cover
* Mixed Layer



RTOFS Output

Global RTOFS GS Location for 25-Feb-2016
12°C isoth at 400m and SSH

o]
20 é\?w 81 °w 77°w 73°w 69°W 65°W 61 °w 57°w 53°w 49°w 45°w 41 °w
NAVOCEANO for North Wall Hausdorff: NaN®~ Modified Hausdorff: NaN’
NAVEASTOCEANCEN for 01-MAR-18 North Wall Hausdorff: 4.97° Modified Hausdorff: 1.19°
For the Hausdorff metrics, the RTOFS front was trimmed to approximately the region of the Navy fronts

NCEP/EMC/MMAB Global RTOFS 26 Feb 2016




RTOFS Gulf Current Forecast

Gulf of Mexico Current {mys) 20160302 n04B Depth: Om
NCEP/EMC/MMAB 02-Mar-2016 min: 0.00 max: 2.30
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CAVE:CRP - D2D

Volume Browser

File Edit Tools Plan view Time

Sources Fields Planes
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Extratropical Surge and Tide Operational
Forecast System (ESTOFS)

Uses the ADCIRC model.

Runs 4 times a day out to 180 hours.
2.5 km resolution.

Uses GFS winds and pressure.

Outputs:
o Storm Surge Plus Tide (Used by NWPS)
» Storm Surge
» Tide

NOT to be used for Tropical Cyclones.
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CAVE GFE WeatherElement Populate Grids Edit Consistency Products Maps Edit Areas Verify Hazards Help
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StormSurge SFC ESTOFS 0112 (CRP) (ft) lh Thu 98Z ©3-Mar-16
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MDL’s ExtraTropical Storm Surge
(ETSS or ET-SURGE)

Based upon SLOSH.

Runs 4 times a day out to 96 hours.
5 km resolution.

Uses GFS winds and pressure.

Outputs Storm Surge only.
» Areal
* Point

NOT to be used for Tropical Cyclones.
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ETSS Storm Surge

ETSS Extra Tropical Storm Surge {ft) 02.12 15HR Thu 03:007 03-Mar-16
* ETSS Surface Extra Tropical Storm Surge Img {ft) 02,12 15HR Thu 03:00Z 03-Mar-16
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MDL’s SLOSH

Sea, Lake, and Overland Surges from Hurricanes

Began in the late 60s/early 70s.

Estimate storm surge from historical, hypothetical,
and/or predicted hurricanes.

Factors affecting storm surge are incorporated.

Run on specific basins.



Factors Affecting Storm Surge

Intensity

Size (Radius of Maximum Winds)
Central Pressure

Forward Speed

Angle of Approach

Width and Slope of Shelf

Shape of Coastline

Local Features
» Bays, rivers, islands, sounds, inlets
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SLOSH Basins

Corpus Christi Bay Basin Matagorda Bay Basin




SLOSH Strengths

Flow through barriers, gaps, and passes.
Inland inundation.

Overtopping of levees.
Astronomical tide. oo
Computationally efficient.

Ensemble Approach.

Transport

l Stair Step Rise

Water Depth
above a square

Surge Points

DATUM




SLOSH Limitations

Does not account for Wave action.
» Wave Setup or Runup

Does not account for Freshwater Flow.

e Rivers
e Rainfall

Total Water = Storm Surge + Tides +
Waves + Freshwater Flow



SLOSH Products

Maximum Envelopes Of Water - MEOWS
Maximum Of the MEOWs - MOMSs

Probabilistic Storm Surge - P-Surge
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Probabilistic Storm Surge (P-Surge)

Based on the official NHC forecast.

Incorporates cross-track, along-track, and intensity
historical errors.

Incorporates different storm sizes.

Potentially, thousands of hypothetical storms are
produced.
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P-Surge Products

Probability product

» Probability of storm surge greater than X feet.

Exceedance product
» Storm surge value exceeded by Y% of storms.



Inundation

(Storm Surge + Astronomical Tide) - Elevation =

\—Y—I

Storm Tide

(15 ft Storm Surge + 1 ft Tide) - 10 ft Elevation =

Probabilistic Hurricane Inundation Surge Height - PHlSH
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Vertical Datums for Bob Hall Pier

Difference between NAVD88 and MSL
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DHQ: 0.09

™) 72 al
Bl MN: 1,31 T

pratic o2 ‘?“‘ I

X | DLQ: 022 1
--uu.u(.zozu-—"g s




Tropical Cyclone Storm Surge Probabiliti
Chance of Storm Surge >= 2 feet

For the 77 hours from 11 AM EDT Wed May 07 to 04 PM EDT Sat May 10
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When is P-Surge Available?

Whenever a hurricane watch/warning is in effect.
» Some tropical storm watch/warnings, too.

Available 30 minutes after the NHC advisory.
* 430 AM/PM CDT.
» 1030 AM/PM CDT.



How do | interpret P-Surge?

Why is P-Surge better than using
a single deterministic solution?
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